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Abstract

Mangroves are highly productive and changing forests located in the intertidal zone of tropical regions. Leaf litter decom-
position represents a substantial part of their carbon sink abilities. Little is known about the potential effect of climate
change on this key process of ecosystem functioning. This study compared leaf litter microbial decay between fringe and
riverine Avicennia germinans stands. A direct and reciprocal transplant experiment using litterbags was setup in French
Guiana to test 3 hypotheses: (i) the activities and abundance of microbial decomposers are lowest in the fringe mangroves
due to exposure to saline water and tidal immersion; (ii) for these reasons, litter decomposes faster in riverine stands; and
(iii) according to the home-field advantage hypothesis, litter decomposes more rapidly in the environment from which it
originates. Remaining litter masses, abundance of litter microbial community (phospholipid fatty acid signatures (PLFA)),
and their functional capability (enzyme activities and Biolog) were assessed. Litter directly transplanted in riverine stands
showed higher enzymatic activity (+77%), catabolic diversity (+ 10%), and microbial biomass (+ 60%) than litter trans-
planted directly in fringe stands. In contrast, both riverine and fringe derived litter showed faster decay at the fringe (14%
mass loss) than riverine site (4% mass loss) between 30 and 45 days. Here, environmental conditions associated with dif-
ferent distances from the sea such as salinity and inundation regimes, rather than microbial features are suggested as main
factors affecting decomposition process. Expected sea level rise in the coastal Guianas may therefore modify the mangroves
productivity in the coming decades.

Keywords Decomposition - Mangroves - Microbial decomposer - Home-field advantage - Reciprocal transplant

Introduction

Mangrove forests are located in the intertidal zone along
coasts and river mouths in tropical and subtropical regions
(Alongi 2002). These wetlands are characterized by seasonal
variations and spatial gradients in environmental conditions
(i.e., salinity gradients, tidal cycle, anoxic sediments, soil
instability) (Feller et al. 2009). Despite low plant diversity
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and limited surface area (1% of tropical forest area and 0.4%
of the world’s forests), mangroves provide many ecosystem
goods and services, such as the stabilization of shorelines,
the attenuation of extreme climatic events, and important
carbon (C) sinks (Donato et al. 2011; Rovai et al. 2018;
Kauffman et al. 2020). With an estimated mean C storage of
937 tC ha™!, they are among the most C-rich forests in the
tropics. Worldwide, they represent only approximately 1%
(13.5 Gt year™") of forest C sequestration, but within coastal
habitats they account for 14% of ocean C sequestration
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(Alongi 2014). Part of the biomass production, mainly leaf
litter (40-85% of total litterfall), is consumed by fauna and
decomposed by heterotrophic microbial communities that
colonize intertidal sediments (Holguin et al. 2001; Luis et al.
2019). Forest litter, especially in mangroves, has thus an
important place in the ecosystem as a source of energy and
nutrients for many decomposing organisms, resulting in a
substantial organic matter and nutrient storage or export to
both marine and terrestrial environments through tidal water
exchange and freshwater inputs (Feller et al. 2009).

Litter decomposition is controlled by climatic condi-
tions (Meentemeyer 1978; Imgraben and Dittmann 2008;
Kristensen et al. 2008; Arnaud et al. 2020), soil properties,
organic matter quality (Aerts 1997; Chomel et al. 2016),
bioturbation of benthic biodiversity (Lee 1989; Aschenb-
roich et al. 2017), and the characteristics of microbial com-
munities (Coliteaux et al. 1995; Hittenschwiler et al. 2005;
Giellelmann et al. 2010). In mangroves, litter decomposi-
tion can vary with duration of tidal inundation as shown by
Dick and Osunkoya (2000) who observed a greater rate of
Avicennia marina leaf litter decomposition in areas directly
inundated by the tide than in areas further inland. However,
if we focus on the effect of prolonged inundation, decompo-
sition rates of mangrove soil organic matter (SOM) (which
results mainly from decomposition of organic matter and
the production of roots) do not decrease with simulated sea
level rise as shown by Arnaud et al. (2020). Indeed, salinity
of submerging waters also plays a role in this phenomenon.
Chambers et al. (2013) showed that SOM decay is nega-
tively affected by an increase of inundation time only with
low salinity waters (15 ppt) while no effect was observed
with high salinity waters (35 ppt). In C-rich soils such as
mangroves, submersion by higher salinity waters which
are rich in sulfates can induce a shift in C mineralization
by triggering sulfate reduction under anaerobic conditions.
This shift was suggested to compensate the slower SOM
decomposition found normally under anaerobic conditions
(Weston et al. 2006; Arnaud et al. 2020). Microbial com-
munities exhibit a quick turnover rate and high sensitivity
to salinity that was highlighted by the variations in C soil
mineralization rates observed under different seawater con-
centrations (varying ionic strengths and sulfate concentra-
tions) (Chambers et al. 2011). High ionic strength found in
seawater can induce osmotic stress, disrupting microbes’ cel-
lular integrity and functions, and inhibiting enzyme activity
in the soil (Chambers et al. 2013). The salinity and anoxia
gradients found in the intertidal zone therefore structure
these communities and their functions, eventually affect-
ing C cycling (Capdeville et al. 2019). Plant litter contains
water-soluble compounds easily assimilated by microorgan-
isms (e.g., carbohydrates, soluble phenolic acids, organic
acids, amino acids), insoluble and refractory compounds
(e.g., phenolic compounds, cellulose, hemicellulose, and
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lignin), and compounds that inhibit decomposition (e.g.,
alkaloids, terpenes) in various proportions (Marchand et al.
2005; Chomel et al. 2014).

The interaction between litter quality, environmental con-
ditions, and decomposers can be explained by the home-field
advantage (HFA) hypothesis; litter can decompose faster in
its own habitat (at “home”) than “away” from it according
to the sports analogy that states that team players in sports
competition win more than 50% of the games played at home
(Gholz et al. 2000). HFA suggests that a specialization of
soil microbial decomposers, referred to as “team players,”
for a given plant litter (i.e., its chemical quality), referred
to as “coaches of decomposition” since it dictates how fast
nutrients can be accessed by microbes, may occur through
physiological adaptations of the soil biota in the short term
(Perez et al. 2013). Ultimately, this specialization of decom-
posers for litter that they most often encounter, or that they
are used to consuming under specific local environmental
conditions, may allow a specific litter to decompose faster
in the habitat from which it derives, referred to as a higher
scoring necessary to win the “game” of decomposition
(Chomel et al. 2015; Palozzi and Lindo 2018). This HFA
could concern litter from different plant species (Ayres et al.
2009) but also litter from the same plant species growing in
different locations as intraspecific variation in litter qual-
ity and decomposition rate can be similar to that reported
for interspecific variation (Lecerf and Chauvet 2008). HFA
hypothesis is still scarcely studied (Ayres et al. 2009; Veen
et al. 2015), particularly in tropical ecosystems (Wang et al.
2013; Wu et al. 2019; Elias et al. 2020). To our knowledge,
only one previous work tested the HFA hypothesis in man-
groves, where seedlings growth exposed to leaf litter of dif-
ferent species were assessed (Chapman and Feller 2011).

In French Guiana, mangroves cover 600 km? and are part
of the world longest muddy shoreline (1500 km) of the Guia-
nas coast presenting high river discharge (Orseau et al. 2017;
Diop et al. 2019). Through a spatial dynamic alternating
the colonization by mangroves of Amazonian mudflats and
intense erosion of mature mangroves during high tides (Wal-
cker et al. 2015), the Guyanese mangrove can be considered
as a mobile forest moving along the coast. In addition to this
dynamic, which favors the close coexistence of young and
old stands (Fromard et al. 2004), tides cause a significant
variation in the submergence time and salinity and structure
the mangrove stands (Orseau et al. 2017). Hence, a zonation
appears between the main species Rhizophora mangle L.
(Rhizophoraceae), Laguncularia racemosa (L.) C.F.Gaertn.
(Combretaceae), and Avicennia germinans L. (Acanthaceae)
along an axis of distance from the sea sometimes modulated
by the freshwater supply from rivers (Fromard et al. 1998).
In the context of climatic change in the coming decades, ris-
ing sea levels, changes in hydrology due to impoundments
or higher precipitation, increasing frequency and intensity of
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storms, increasing temperatures, and atmospheric CO, con-
centrations could induce changes in the regimes and levels of
salinization of mangroves and thus potentially lead to spatial
and functional reorganization of these ecosystems (Lovelock
et al. 2015), particularly their productivity (Alongi 2018).
Robertson (1988) suggests that the fate of leaf litter may
vary with site and forest type, with flooding frequency being
one of the most important parameters. Lee (1989) demon-
strated that leaf decomposition of Kandelia candel could
vary between the landward and seaward edges of the forest.
Expected sea level rise in the Amazon Delta and coastal Gui-
anas will increase the exposure of mangroves to prolonged
flooding. Sea level rise will also affect freshwater supply
by exacerbating saltwater intrusion (Anthony et al. 2021).

This study aims to assess the potential effects of climate
change (e.g., salinity and tidal exposure) on litter decom-
position and to test the HFA hypothesis in mangroves. For
that purpose, we set up a in situ crossed experiment in three
main rivers of French Guiana, by comparing the decom-
position of A. germinans litter and the biomass, composi-
tion, and activity of microbial decomposers between fringe
mangroves (i.e., mangroves that experience more frequent
marine salinity) and riverine mangroves (i.e., subjected to
more abundant freshwater inputs). Our hypotheses were that
(i) environmental factors associated with fringe mangroves
induce a reduction of the catabolic fitness and abundance
of leaf litter associated microbial communities compared
to riverine stands; (ii) therefore, leaf litter decomposition is
slowest in fringe stands; (iii) finally, litter decomposes more
rapidly in the environment from which it originates (home-
field advantage hypothesis).

Material and methods
Study sites

The experiment was conducted on 3 rivers in French Gui-
ana selected among the 8 rivers flowing into the Atlantic
Ocean: the Mahury, the Kourou, and the Sinnamary (Fig. 1).
Each river benefits at its mouth from a humid equatorial
climate whose intra-annual variability is determined by
the phenomenon of intertropical convergence and makes
it possible to distinguish 2 wet seasons and 2 dry seasons.
The average annual temperature is 26.5 °C with a thermal
amplitude of 3 °C at the most between the hottest and the
coldest month and the average annual rainfall ranges from
2500 to 3000 mm y~! (Marchand et al. 2004). For each
of the 3 rivers, two sites for sampling A. germinans green
leaves were selected (Fig. 1) according to the definition of
two types of mangroves: fringe mangroves or tide-domi-
nated mangroves (they receive most of the tides so seawa-
ter) and riverine mangroves or river-dominated mangroves

(inundated by river water as well as tides, so salinity is more
variable) according to Lugo and Snedaker (1974), Cintrén
et al. (1985), and Ewel et al. (1998). The two harvesting sites
were chosen in these two environments (riverine and fringe
mangrove) in the limit of colonization by A. germinans at the
pioneer Avicennia stage as defined in Fromard et al. (1998).
The main physicochemical characteristics of water were
measured and recorded by a multi-parameter (temperature
and salinity) water quality probe—Aquaprobe® AP-7000,
England (Aquameter)—equipped with a GPS receiver and
a barometric sensor (Online Resource 1). For Mahury and
Kourou rivers, two types of stations were chosen according
to their delimitation of polyhaline (18 to 30 g L™! salin-
ity) and mesohaline (5 to 20 g L") zones (source: DEAL
Guyane-EDF). In the case of Sinnamary river, their study
conducted in both dry and wet seasons and during 6 tidal
cycles did not allow to clearly set a delimitation between
levels of salinity. Still, salinity measurements conducted in
surface waters at the beginning of our study showed con-
trasted salinity between the two selected fringe and riverine
sites at low tide (Online Resource 1). French Guiana coast
is mesotidal with semi-diurnal tides (Ray et al. 2020). Lit-
terbags were therefore submerged twice a day during our
assay, where tide elevation ranged from 1.11 to 3.04 m above
hydrographic reference for Sinnamary and Kourou rivers and
from 0.92 m and 3.06 m for Mahury. These data were col-
lected from the Service Hydrographique et Oceanique de la
Marine for the Iles du Salut harbor which was closest to the
corresponding Sinnamary and Kourou study sites and the
Degrad de Cannes harbor for Mahury sites (SHOM: www.
shom.fr). Experimental sites map figure was obtained using
QGIS Geographic Information System software (QGIS
Association, QGIS.org, 2021).

Experimental setup and litter bag processing

At each of the 6 sites, approximately 300 green leaves
(500gWM) were collected from five trees of A. germinans in
October 2018 and air-dried during 2 days before the experi-
ment. Litter decomposition was assessed by using the litter
bag method (Swift et al. 1979). Two-millimeter mesh litter
bags (20X 20 cm polypropylene mesh) containing 30 g of
fresh leaves were used to perform the experiment. To test
the HFA hypothesis, litterbags were transplanted directly
and reciprocally between each site for the five trees under
consideration and for each river separately, i.e., one bag con-
taining fresh leaves from each tree was placed at each site.
Thus, 10 litterbags were deposited at the tidal sway zone of
each site, which corresponded to five replicates of 2 trans-
plants at the site of origin or “home” (from fringe mangrove
to fringe mangrove: FF, from riverine mangrove to riverine
mangrove: RR) and 2 transplants at the foreign leaf site or
“away” (from fringe mangrove to riverine mangrove: FR,
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Fig. 1 Geographical location of experimental sites (white dot: fringe
mangrove, black dot: riverine mangrove) for each studied river in
French Guiana (a Sinnamary, b Kourou, ¢ Mahury). Black lines and
dashed areas indicate hydrographical network and mangrove dis-

from riverine mangrove to fringe mangrove: RF). Thus, the
experiment consisted in 2 modalities corresponding to the
3 rivers (Kourou, Mahury and Sinnamary) X 2 sites (fringe
and riverine). In total, 120 litter bags (3 rivers X 2 mangrove
types (i.e., riverine vs fringe) X 2 transplants (home vs
away) X 2 collection times X 5 replicates) were analyzed. Lit-
ter bags were sealed and secured in the river with stainless
metallic rings slipped over steel rods, which were anchored
in the sediment.

The litter mass loss, catabolic enzyme activity, micro-
bial catabolic profiles, microbial community composi-
tion, and biomasses were followed after 30 and 45 days
of decomposition (¢; and ¢,). At each sampling date, 60
litter bags were retrieved from each experimental site.
Litter bags were placed in plastic bags to prevent the loss
of biological material. In the laboratory, leaves contained
in litter bags were individually rinsed with distilled water

@ Springer
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to remove the greater part of extraneous sediments and
adhering invertebrates. A subsample of the leaf mate-
rial was kept at 4 °C for the determination of microbial
parameters (enzymatic activities and catabolic functions
profile). The remaining leaves were stored at — 18 °C and
then freeze-dried (Lyovac GT2), weighted to the nearest
0.1 g, and ground to powder (MM400, Retsch GmbH.D,
Hann Germany). Subsamples of about 250 mg were ashed
for 3 h in a muffle furnace at 550 °C to determine ash-
free dry mass (AFDM). C and nitrogen (N) contents were
determined by thermal combustion using a CHN elemen-
tal analyzer (Flash EA 1112 series, ThermoScientific®,
Waltham, USA).

At the beginning of the experiment (¢,), 30 samples
(3 rivers X 2 sites X 5 replicates) were used to determine
initial dry weight (g), C and N contents, leaf area, physi-
ological leaf status, and microbial catabolic profiles.
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Leaf area

Thirty green leaves collected on each 5 trees per site (#,)
were used to assess leaf area (LA). Leaves were scanned
and resulting images were processed by using Winfolia soft-
ware (Regent Instruments Canada Inc.) to obtain surfaces

expressed in cm?.

Leaf physiological indices by epidermal fluorescence

To assess the plant physiological status, we measured sev-
eral leaf physiological indices. Leaf epidermal fluorescence
of 50 leaves collected on each tree (¢,) was assessed under
ambient light conditions by using a hand-held Multiplex®
multiparametric fluorescence sensor (Multiplex®, Force-A,
Orsay, France). Based on fluorescence intensities, several
signals associated with leaf epidermal constituents were
calculated according to Agati et al. (2011) and are detailed
in Online Resource 2. Anthocyanins and flavonols are plant
secondary compounds that can be affected by stress and thus
reveal a physiological dysfunction. Without N limitation,
a plant promotes its primary metabolism and synthesizes
proteins (nitrogenous molecules) containing chlorophyll,
and few flavonols. The N balance index which corresponds
to the chlorophyll:flavonols ratio is a useful indicator of N
deficiency.

Microbial enzymatic activities

Two extracellular enzyme activities (EEA) involved in
organic C cycle were assessed to determine the catabolic
potential of microbial communities extracted from litter:
tyrosinase and fluorescein diacetate hydrolase (FDAse)
activities at ¢; and ¢,. Tyrosinase is involved in the degrada-
tion of aromatic compounds such as tannins, phenolic acids,
or lignin (Zimmer 2005). FDAse is a pool of enzymes com-
prising phosphatase, cellulase, and lipase involved in degra-
dation of cellulose and carbohydrates (Guénon et al. 2017).
It corresponds to the potential hydrolysis activity by dif-
ferent hydrolases. They therefore reflect the degradation of
the most abundant constituents of leaf litter that are related
to our hypothesis. For each activity, two repeated assays
were performed per litter sample. Tyrosinase activity was
assessed according to the modified method of Saiya-Cork
et al. (2002) and detailed in Online Resource 2. FDAse activ-
ity was determined according to the method of Schniirer and
Rosswall (1982) and detailed in Online Resource 2. FDAse
is a pool of enzymes produced by microorganisms as well as
plants. Their non-specificity to microorganisms is one of the
limitations of this assay since we chose to relate it specifi-
cally to litter microorganisms. Moreover, this assay meas-
ures an activity potential rather than the exact activity taking
place in environmental conditions, where abiotic conditions

are variable compared to controlled conditions in our assay.
For example, exposure to metals that might modify enzyme
activity are not considered in our controlled bioassay and
should be kept in mind for the interpretation of our results.

Microbial catabolic functions profiles and diversity

Catabolic profiles of the cultivable microbial litter commu-
nities were analyzed by the microplate Biolog® EcoPlates
(Biolog Inc., Hayward, California, USA) method adapted
from Garland and Mills (1991) and detailed in Online
Resource 2. Each plate contains 3 repeated blocks of a sub-
strate-free blank and 31 of the most used C sources for soil
community analysis. Oxidation of carbonaceous substrates
induces a reduction in violet tetrazolium, the intensity of
which depends on the intensity of catabolism. Catabolic
richness (S) represents the total number of substrates used.
Catabolic diversity was calculated using Shannon’s index
H = - Y P,(InP,) where P, is the ratio of the OD from one
well to the sum of the positive ODs from all wells in the
sample. Catabolic functional evenness was calculated using
Simpson’s evenness index E = D/S where D is Simpson’s
dominance index expressed as D = 1/ Y P,> (Morris et al.
2014). The main limitation of this bioassay that should be
considered for the interpretation of our results is that only
cultivable microorganisms with fast growing ability (con-
ducted during 7 days) are assessed.

Microbial community composition and biomass

Phospholipid fatty acids (PLFA) were extracted from ¢; and
t, samples using the Buyer and Sasser (2012) and Aupic-
Samain et al. (2021) method and detailed in Online Resource
2. Total PLFA amount (ug g~' dry mass of litter) was used as
a measure of total microbial biomass, while PLFA biomark-
ers specific to bacterial and fungal biomass (pg g~ dry mass
of litter) were summed (Frostegard and Baath 1996) to esti-
mate the biomass of fungi and bacteria. We analyzed 11 spe-
cific biomarkers out of 29 identified PLFAs. Gram-positive
bacteria (G*) were represented by the PLFAs: 115:0, al5:0,
116:0, 117:0, a17:0 and Gram-negative bacteria (G™) by the
PLFAs: 16:1 o7c and 18:1 w7c. Other saturated straight-
chain PLFAs (15:0, 16:0, 17:0) were identified as general
bacterial biomarkers (GBM). The PLFA 18:2 ®6,9¢ were
used as the indicators of fungi. G*, G~, and GBM markers
were added to obtain total bacterial PLFA (Frostegard et al.
1993).

Home-field advantage index
HFA indices (HFAi) were calculated according to Ayres

et al. (2009) adapted for each studied river (Mahury, Kourou
and Sinnamary (n=35); Online Resource 1), on AFDM and
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on all microbial properties (EEAs, catabolic diversity H and
EvInd indices and microbial, fungal, and bacterial biomass)
measured after 30 days (¢;) and 45 days (¢,) of decomposi-
tion. Since the HFAI reflects all possible interactions
between the transplanted litter and the environmental condi-
tions of the different sites, we referred to the percentages of
AFDM losses and microbial properties studied, between the
site of origin and the incubation site, in the form of site-
binding interactions. These interactions may be positive or
negative depending on whether the percentage of relative
loss is accelerated or slowed down at the site of origin
(“home”) or at the foreign site (“away”), according to the
following equation: Agy;, = AUAT“B X 100 where Agy , T€P-

a

resents the relative loss of mass or of each microbial prop-
erty of a litter type A at the site of origin, noted a, or the
foreign site, noted b. A, and A, represent the percentage of
considered measure at site a and site b respectively. Meas-
urements of relative losses were used to calculate the HFA.
HFAi = [W/W] x 100 — 100 where HFAi

represents the fastest percentage loss in mass and highest
value of microbial properties when decomposing “home”
compared to “away.” It thus represents a net value for both
of considered litter origins (i.e., fringe or riverine stands)
involved in the reciprocal transplantation.

Statistical analyses

To analyze the effects of distance from the sea (i.e., fringe
(F) or riverine (R) mangrove) on initial #, leaves C and N
contents, LA, physiological indices and catabolic indices
of epiphytic microbes, linear-mixed-effect models (LMMs)
(R package “lme4”) were applied including the type of
mangroves as fixed factor and the river as random factor.
When necessary, data were transformed using the “best-
Normalize” package (Peterson and Cavanaugh 2020) to
meet the assumptions of normality and homoscedasticity of
variances. Differences were tested using generalized linear-
mixed-effect models (GLMMs) with binomial distribution
(Ime4 package) for C:N ratio since transformation did not
allow normality and homoscedasticity. The same approach
was used to test the effects of litter transplants (i.e., RR, RF,
FF, and FR) and decomposition time (i.e., 30 and 45 days)
on ¢; and ¢, leaf litter C and N contents, EEAs, microbial
catabolic diversity indices, and PLFA biomarker abundances
while AFDM remaining, total PLFA abundance, and total
bacterial PLFA abundance differences where tested using
GLMMs since transformation did not allow normality and
homoscedasticity. All implemented LMMs and GLMMs are
shown in Online Resource 3 for each variable. In the case
of a significant litter transplant effect, a Tukey HSD post
hoc test was used to test which types of transplants are dif-
ferent from others. The used R scripts are shown in Online
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Resource 4 with EEAs (Online Resource 5) and AFDM
remaining (Online Resource 6) datasets as an example. To
test HFA on AFDM remaining and microbial properties of
litters collected after 30 and 45 days of decomposition, Stu-
dent’s ¢ tests were performed to determine if calculated HFA
is were significantly different from 0. All statistical analyses
were performed with the R software (version 3.6.0).

Results
Initial leaf traits and microbial catabolic diversity

Leaves originating from riverine sites showed higher C and
N contents than fringe sites (Online Resource 7) while no
significant difference in C:N ratio and LA was observed
(Online Resource 7). The chlorophyll index was significantly
higher in riverine sites than in fringe sites (Online Resource
7). Anthocyanin, flavonols, and N balance indices were not
significantly different between the two stand types. No dif-
ference in epiphytic microbial catabolic diversity indices
was observed between A. germinans leaves originating from
fringe or riverine stands.

Carbon and nitrogen contents
during decomposition

C and N contents of decomposed leaf litter were significantly
affected by the litter transplant (;(2 =70.68, p<0.05 for C;
2$=13.39, p<0.05 for N) while C:N ratios did not show
any difference (;(2 =2.17, p>0.05). Moreover, C and N lit-
ter contents were not significantly different between the two
dates of decomposition (y*=2.10, p>0.05 for C, y*=0.68,
p>0.05 for N and y*=1.01, p>0.05 for C:N ratio). C and
N contents from FF litters were lower than in RR litters, for
both dates of decomposition (Fig. 2). C content in FR and
RF litters was similar but significantly lower than in RR
litters and significantly higher than in FF litters. C:N ratios
were similar for all the modalities.

Microbial activities during decomposition process

Microbial catabolic activity increased significantly between
30 and 45 days of decomposition for the FF, FR, and RF
litters for tyrosinase and for FF litter for FDAse (Fig. 3a,b).
We observed a significant interaction of time of decomposi-
tion and litter transplant on tyrosinase (y*>=8.49, p <0.05)
and FDAse activities (y*>=8.33, p <0.05). After 30 days of
decomposition, tyrosinase and FDAse of FF litter were both
significantly lower than in RR litter (Fig. 3a,b) while FR and
RF litters did not show any difference.

A significant effect of interaction between the time of
decomposition and litter transplant was observed on the
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Fig.2 Total carbon (C) and Fringe litter
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catabolic diversity indices (H”) ()(2=7.84, p <0.05) while
for the catabolic evenness (EvInd), main effects of litter
transplant (y>=9.38, p <0.05) and time (y*>=5.40, p <0.05)
were shown but without significant interaction (y*=3.05,
p>0.05). After 30 days of decomposition, H’ of FF and FR
litters were lower than RR litter and EvInd of FF litter was
found to be lower than RR litter (Fig. 3c,d). After 45 days
of decomposition, H’ index of FF litter was lower than FR
litter and no difference among transplants was observed
for EvInd. Moreover, increases in H’ of FF and FR litters
and for EvInd of FF litters were observed between 30 and
45 days of decomposition.

Litter microbial biomass

No significant change during time was observed for total
microbial (y>=0.29, p>0.05), fungal (*=1.88, p>0.05),
and bacterial biomass (y*=0.05, p >0.05) in litters (Fig. 4).
A significant effect of transplants was observed for total
microbial biomass (;(2 =8.44, p<0.05), fungal biomass
(#*=11.27, p<0.05), and bacterial biomass (y*=8.42,
p<0.05) such as G* bacteria (y*=21.97, p<0.05), G~ bac-
teria (> =14.51, p <0.05) and GBM (¥*=17.47, p<0.05).
Litter from FF transplant showed significantly lower micro-
bial (1.4- and 1.6-fold), fungal (1.8- and 2-fold), and bacte-
rial biomass (1.5- and 1.5-fold) than litter from RR after 30
and 45 days of decomposition. Total microbial and bacterial
biomass of FR and RF litters were equivalent and did not
show significant differences with transplants “home” after

40 0 10 20 30 40

30 days of decomposition. After 45 days, FR litters showed
a similar microbial and bacterial biomass to RR litters that
were significantly higher than FF litters (1.6- and 1.5-fold
respectively). Fungal biomass of RF litters was significantly
more abundant than in FF litters and equivalent to RR litters
after 30 days of decomposition. No significant differences
of litter fungal biomass were observed between “away” (FR
and RF) and “home” transplants (FF and RR) with similar
values for FR and RF litters after 45 days of decomposition.

Litter mass loss

No significant effect of transplants was shown on remaining
litter mass (y*=1.68, p>0.05). For all tested litter trans-
plants, more than 50% of initial litter mass was lost after
30 days of decomposition (Fig. 5). We observed a signifi-
cant decrease in AFDM remaining between 30 and 45 days
(¥*=6.14, p <0.05) for FF and RF litters with a 14.78% and
14.39% loss, respectively.

Home-field advantage
HFA indices of FDAse activity were significantly different
than 0 with a positive value after 45 days of decomposi-

tion (Table 1). No HFA effect was observed for all assessed
parameters.

@ Springer
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Fig.3 Microbial catabolic activities (a tyrosinase; b FDAse) and
functional diversity (¢ Shannon index H’) and evenness (d Even-
ness index EvInd) of Avicennia germinans leaf litter originated from
fringe stands transplanted home (FF, white) or away (FR, light gray)
and from riverine stands transplanted home (RR, black) or away (RF,
dark gray) after 30 and 45 days of decomposition. The activities are

Discussion

Among the factors impacting litter decomposition and
ultimately nutrient cycling in mangroves, we compared
decomposition process in fringe and riverine mangroves in
a similar climate and community composition (i.e., A. ger-
minans). This process was also assessed on the abundance,
catabolic activity, and functional diversity of microbial
decomposers associated with the litter. Finally, the HFA
hypothesis was tested by considering fringe and riverine
stand litters as coaches of the decomposition “game” and
their associated microbes as team players.

@ Springer

expressed as pmoles of reaction product formed per minute (U) per
gram of dry matter (U g.”! DM). Different letters indicate statistical
differences among groups with a<b and A <B after 30 and 45 days
respectively; bars indicate statistical differences between 30 and
45 days within one type of transplant (post hoc pairwise comparison
p<0.05)

Leaf litter traits

When considering the initial characteristics of litters from
fringe and riverine stands prior to their decay in the litter
bag experiment, few of the parameters measured on green
leaves showed a significant variation. For C and N contents
and chlorophyll index, however, the observed higher values
in riverine stands were slight but significant. These findings
indicate that the distance from the sea of A. germinans com-
munities has low effect on their foliar nutrient and epidermal
specialized metabolites contents, as well as their epiphytic
microbial catabolic diversity. Still, these results go along
with the known nutrient-rich conditions found in riverine
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Fig.5 Litter ash-free dry mass Fringe litter
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Table 1 Home-field advantage

30 days 45 days

Mean+SE t P Mean + SE t P

e . HFAI index Unit

indices (HFAI) of ash-free

dry mass (AFDM) remaining,

tyrosinase and FDAse activities,

catabolic diversity Shannon AFDM remaining %

(H’) and evenness (EvInd) Tyrosinase activity Ug ' DM

indices and toFal mlcroblal,. . FDAse activity U g" DM

fungal, bacterial, gram positive .

(G™), gram negative (G™), and H'index

general bacterial biomarkers EvInd index

(GBM) biomass of Avicennia Total microbial biomass pg g~' DM

germinans leaf 1.1tterl originating Fungal biomass ug ¢! DM

from fringe or riverine stands L 1

and transplanted “home” or Bacterial biomass ngg DM

“away” after 30 and 45 days of G* biomass g g~ DM

decomposition G~ biomass g g*l DM
GBM biomass pg g ! DM

24+10.4 0236 0.836 11.9+10.4 0.768 0.522
13.4+24.1 0.556 0.634 59+24.1 2777 0.22
11.0+12.8 0.864 0479 29.6+6.1 4.874 0.039*

1.6+0.7 2.358 0.142 32+19 1.649 0.241

0.15+1.63  0.091 0.936 381575 0.662 0.576

-38+25 -1507 0271 -4.6+100 -0.457 0.692
-91+106 —0.858 0.481 7.8+12.2 0.635 0.509
-5.1+39 -131 0321 -11.8+151 -0.78 0.517

—-12.83+6.40 —2.005 0.183 1.45+11.35 0.128 0.91
—-8.00+£3.78 —2.118 0.168 —398+11.64 —0.342 0.765
—552+347 —1591 0253 —453+8.53 —0.531 0.648

systems (Feller et al. 2009) that are associated with higher
leaf nutrient content.

Through the litter decomposition process, this nutri-
ent content difference remained for litters transplanted at
“home”. Riverine originating litters (RR) were found richer
in C and N than fringe originating litters (FF) after 30 and
45 days of decomposition with an observed average of 1.5-
fold and 1.1-fold, respectively. Even if subtle, the higher
proportions of N particularly may also indicate a more labile
substrate for microbial decomposers, as suggested by Vinh
et al. (2020). Nevertheless, C:N ratios, which are also related
to litter decomposition dynamics (Mfilinge et al. 2002),
were found equivalent for all litter transplants and time of
measurement.

Microbial catabolic activities

For both assessed extracellular enzymes, a difference
occurred between the litters that were transplanted home
after 30 days of decomposition only: activities of fringe lit-
ters transplanted home (FF) were lower than riverine litters
transplanted home (RR). This dissimilarity disappeared after
45 days of decomposition, highlighting an impact of trans-
plants on microbial catabolic activities in the early phase of
decomposition. Similarly, Lewis et al. (2014) showed that C
mineralization decreased when A. germinans leaf litter was
exposed to longer inundation linked to a decrease of micro-
bial activity. Furthermore, FDAse enzymes activity, which
involves a pool of many hydrolases reflecting total micro-
bial activity (Guénon et al. 2017), increased between 30 and
45 days of decomposition only for fringe litters transplanted
home (FF). In the case of tyrosinase activity, an increase
was shown for FF litters and for both the away transplants
(FR and RF), highlighting an increase of phenol oxidation
activity involved in lignin and polyphenol degradation for
these conditions (Zimmer 2005). In a similar pattern, FF
litter catabolic diversity and evenness were lower than RR
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litters after 30 days, indicating a better capacity of micro-
bial communities to degrade a higher number of different
organic substrates and a more equal repartition of their con-
sumption in riverine mangroves. Similarly, between 30 and
45 days, these indices increased to reach equivalent values
to RR litters.

Functional shift of decomposers during decay

That increase of FF litter decomposer activity and catabolic
diversity, however, was not observed for their biomass.
Indeed, FF litters total microbial, bacterial, and fungal
biomass were lower than RR after 30 days, but these dif-
ferences remained after 45 days, as opposed to their activ-
ity and functional breadth. A shift in catabolic functions
and fitness may have taken place for FF litters, suggesting
a substantial plasticity of these communities towards the
environmental constraints associated with mangrove fringe
zones and particularly higher exposure to salinity. The
osmotic stress exerted by more frequent exposure to high
saline concentrations may have contributed to a selection
of more functionally diverse and effective microbes while
reducing their biomass as shown by Zhang et al. (2019).
Moreover, the potential presence in higher amounts of more
recalcitrant compounds or specialized metabolites inducing
higher microbial catabolic activity (Musilova et al. 2016)
in the fringe originating litters may also be responsible for
the observed functional shift, as previously shown by Uhlik
et al. (2013). This hypothesis is further supported by the pos-
sible accumulation of sulfide ions in soils (which can have
deleterious effects on soil bacteria) as byproducts of sul-
fate reduction that may have taken place through prolonged
exposure to saline waters (Chambers et al. 2013). Tyrosinase
activity is mostly associated with fungi (Zimmer 2005). Our
current results of fungal biomass found lower in EE than
RR litter may indicate a higher enzyme fitness that could
explain the observed increase in activity since no increase
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of fungal biomass was observed between 30 and 45 days. We
formulate the same hypothesis for observed FDAse activi-
ties which is a more ubiquitous extracellular enzyme (i.e.,
associated with fungal, bacterial, and plant communities)
(Schniirer and Rosswall 1982).

Implications for litter mass loss

Throughout litter decomposition, no differences in remain-
ing masses were observed between all tested litter trans-
plants. Yet, our results reveal a significant mass loss between
30 and 45 days only for litters transplanted in fringe stands
(FF and RF). Broadly, the higher microbial features found
in litters originating from river stands than fringe stands,
when transferred home, confirms our first hypothesis of
more advantageous environmental conditions taking place in
riverine stand for microbial decomposer development (and
fitness, in the early phases of decomposition only). Still,
contrary to our second hypothesis, these higher microbial
features were not associated with a faster mass loss in riv-
erine stands. This highlights that microbial abundance and
nutrient content are not the main factors controlling leaf
litter decomposition dynamics in the present study. Both
litters transplanted in fringe stands (i.e., originating from
fringe or riverine stands) showed the same faster mass loss
dynamic. Between 30 and 45 days of decomposition, the
observed increase of catabolic enzyme activities and func-
tional breadth indices of FF litters may partly explain the
more dynamic mass loss found in fringe stands. Neverthe-
less, these improved catabolic abilities were less pronounced
for RF litters since tyrosinase activity only was enhanced.
These heightened features allowed both FF and RF litters to
reach equivalent catabolic fitness to RR and FR litters (i.e.,
transplanted in riverine stands) after 45 days, suggesting that
another factor may be responsible for the faster mass loss
taking place in fringe stands. In fact, these results underline
that the site of decomposition may have more impact on
mass loss than litter microbial features. The faster decom-
position in fringe stands may thus be explained by higher
physical leaching dynamics due to stronger tide force, as
suggested by Contreras et al. (2017). This hypothesis is fur-
ther supported by the French Guiana coasts widely described
as particularly dynamic, with an alternation between the for-
mation of mudbanks and rapid sediment erosion (Marchand
et al. 2003; Orseau et al. 2017) and a high wave energy sea-
son described by Gratiot et al. (2007) from October to May
which corresponds to the period of our assay.

Influence of tidal inundation on the speed of decay
Furthermore, increased submergence times of litter occur-

ring in the seaward fringe zones of mangroves were previ-
ously described as a factor accelerating their speed of decay,

as reported by Imgraben and Dittmann (2008) and Dick and
Osunkoya (2000) for A. marina leaf litter. Ashton et al.
(1999) suggested that the tide’s physical impact on the leaves
may cause fragmentation and thus increased weight loss.
Moreover, exposure to saline water inundation in assessed
fringe zones may have triggered litter decay through sulfate
reduction, compensating the generally reduced decompo-
sition occurring under anaerobic conditions, as previously
suggested by Arnaud et al. (2020) in mangrove soils and
Chambers et al. (2013) in outdoor mangrove mesocosms.
In the second phase of decomposition described by Valiela
et al. (1985) in salt marsh ecosystems (approximately a year),
40 to 70% of litter initial mass is lost through microbial
degradation, suggesting that the effect of lower microbial
abundance in fringe stands may actually affect decomposi-
tion dynamics on a broader timescale (i.e., above 45 days in
the case of our study) as shown by Elias et al. (2020). After
45 days, catabolic enzyme activities reached the same levels
for all tested transplants while after 30 days, FF transfers
were lower than RR. These results may indicate the begin-
ning of decomposition’s second phase, where microbial
degradation becomes the main factor for mass loss. Overall,
when considering litters that were transplanted home (i.e.,
direct transplantations FF and RR), our study allowed to
show marked differences in nutrient content and microbial
decomposer community fitness shifts taking place in fringe
and riverine mangrove zones in the short term. Yet, for litters
transplanted away (i.e., reciprocal transplantations RF and
FR), these differences were scarcer, indicating a potential
buffer effect.

Home-field advantage hypothesis

Finally, we observed a HFA effect only for FDAse activity
after 45 days of decomposition. This generalist catabolic
activity was higher at home only after 45 days of decompo-
sition, showing that microbial communities shifted towards
more efficient local communities at the end of decompo-
sition. Apart from FDAase activity, no HFA effect was
observed. These results are in accordance with Gie3elmann
et al. (2011) findings of a lack of HFA in the Atlantic rain-
forest of Brazil suggesting that a stronger difference in lit-
ter chemical quality may be necessary to underline such an
effect. The slight differences of nutrient content, and the
equivalent C:N ratios observed in the litters during our assay
support this assumption.

Overall, the differences observed in the present study sug-
gest a different productivity for each stand type, where fringe
leaf litter is more exposed to leaching with higher expo-
sure to tidal inundation and thus potentially exporting more
organic C to the seawater and riverine litter decomposing
slower, which is often associated to a higher C accumulation
in the soil (Vinh et al. 2020).
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Conclusions

By comparing fringe and riverine mangrove stands in
A. germinans dominated mangroves of French Guiana,
our study highlighted a difference of nutrient content,
microbial decomposer abundance and fitness, and leaf lit-
ter decomposition dynamics. Litters decomposed under
fringe stands, characterized by higher salinity regimes,
higher tidal influence, and higher hydrological dynamics
showed lower microbial abundances than those decom-
posed in riverine stands, supporting our first hypothesis
of facilitating conditions taking place in riverine stands
for microbial decomposers. Still, our study highlighted a
strong metabolic/physiological plasticity of these commu-
nities towards fringe environmental constraints.

Moreover, our results showed more marked differences
in microbial decomposer community structure between
fringe and riverine litter when transplanted home, sug-
gesting a potential buffer effect when they are transplanted
reciprocally. The site of decomposition, particularly expo-
sure to tidal water movement, is suggested as the main fac-
tor for decomposition velocity in the first phases of decom-
position. Finally, no home-field advantage was observed
on litter mass losses between A. germinans leaf litter from
fringe and riverine stands.

This study contributes to the understanding of special-
ized adaptations that may occur in different zones from
the same mangrove forest that could influence ecosystem
processes and ultimately the services they provide, par-
ticularly their C sink abilities. Expected sea level rise in
the coastal Guianas may therefore modify these services
in the coming decades.
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